The amplifier gain and the energy transmission in Nd-glass were investigated as functions of light intensity using single picosecond pulses. The observed reductions of gain and transmission are well accounted for by a two-photon absorption process in the Nd 3 * system. There is good agreement between the measured and calculated two-photon absorption cross section of or' = (l. 3 ±0.3) xlO" 32 cm 4 /W. The two-photon absorption limits the obtainable output intensity in a Nd-glass amplifier and reduces the self-focusing action in the material.
In our work we used single intense light pulses of 6-psec duration for the study of the nonlinear gain and the nonlinear loss of pumped and unpumped Nd-glass. The peak intensity of the laser pulses was monitored by a system using a saturable dye. 4 Pulse energies were measured with fast phototubes and oscilloscopes (time constant, ~0.5 nsec).
In Fig. 1(a) we present the energy transmission at X = 1.06 M of a 32-cm-long glass rod doped with 3% Nd203 (Schott LG 630). At an input intensity of /0 =2 xlO 10 W/cm 2 , the transmission is reduced to 60%, indicating the nonlinear loss of the material. The same rod was investigated in a conventional amplifier configuration (two passes). The experimental points in Fig. 1(b) . show quite clearly the decreasing energy gain, from 320 to 210, for increasing input intensity (1.06 M). The energy transmission of a glass rod (length, 14.7 cm) which contained 3% hz203 instead of Hd203 is depicted in Fig.  1(c) . This material does not show the nonlinear loss found in the Nd-doped specimen. It is interesting to see that the residual absorption (at 1.06 M), mainly due to Fe 2+ impurities, 5 Before discussing the intensity-dependent absorption and its origin, the following points should be mentioned, (i) Gain saturation due to depletion of the upper laser level 7 or filling of the terminal laser level 3 is ruled out in our experiments with single picosecond pulses. We ,have selected two succeeding pulses of the pulse train (time interval, 10 nsec) and measured the gain at IQ = 2 xlO 8 W/cm 2 . Both pulses experienced the same amplification. This observation is supported by the following numbers: From our small-signal gain we calculate a gain coefficient of 0 = 0.1 cm" 1 , which suggests an inversion of JV=5 xlO 18 cm' 3 (a = 2.1xl0-80 cm 28 )or an energy density stored within the material of 0.9 J/cm 3 . For 7=2xlO 10 W/cm 2 and a pulse duration of ^ = 6 psec, the energy density removed is estimated to be iptp = 0.012 J/cm 3 ; i.e., the upper laser level is not changed significantly and the terminal laser level is not filled appreciably, (ii) Stimulated Raman scattering appears to be unimportant in our investigations. AtJ=2 xlO 10 W/cm 2 , for a sample length of 30 cm and a Raman gain factor (at 1.06 M) of ^ = 2xl0" u cm/W, 9 we calculate a Raman gain of e 12 , which results in a conversion of about 10" 7 . (iii) We detected, as expected, no stimulated backward scattering in the amplifier even at the highest input intensities, (iv) Self-focusing (due to the nonlinear refractive index n 2 ) did not occur in our experiments, as shown by measurements of the beam diameter and the beam divergence. The interaction of n 2 with the intensity ^dependent absorption will be discussed below.
Introducing a loss, y/, proportional to the intensity /, we write. suggest a value of (4±l)xl0* 12 cm/W for glass of 3% Nd203 content. It should be emphasized that the same value of y is found for pumped and unpumped Nd-glass and at 300 and 80 °K. Glass specimens with 5% Nd203 concentration gave a higher value of y=(7±2)xl0" 12 cm/W, while the undoped glass in Fig. 1(c) does not show any nonlinear loss. The intensity-dependent loss appears to be proportional to the concentration of Nd 3 * ions in the glass matrix.
As to the physical origin of the intensity-dependent loss, two processes -two-photon absorption and two-step absorption-have to be considered. The cross section or <2) for a two-photon transition 11 is given by (Fig. 2) . Remembering sum rules 11 for the operator %q\q)(q\ and assuming a Gaussian line shape for the transition, we rewrite Eq. Fig. 2) . For transition B we estimate y=1.5xl0- 13 
Now we turn to investigations which include the intensity-dependent refractive index n^n^+nj.
We computed the change of a Gaussian input pulse with peak intensity J0, beam diameter a (l/e value), and divergence O (outside the rod) when passing through a pumped and unpumped Nd-glass rod. 14 Four cases were considered for comparison: (1) Nonlinear processes are not present; (2) an intensity-dependent loss with y=4xl0" 12 cm/ W was included; (3) the nonlinear refractive index n2 = 2.2 x 10" 13 esu 15f 18 -i. e., self-focusing was considered 14 ; and finally (4) and (4') the effect of both nonlinearities, yJ and n2I, was calculated. 17 In Fig. 3(a) In summary, we can say that the nonlinear absorption affects the Nd-glass amplifier in the following ways:
